SO 2 tage electrical discharge (HVED) plasma. Generally, plasma is referred to as the fourth state oscillations in ionized gas (Langmuir, 1928) . Due to diversity of plasma, it is used in various elds like textile, electronics, life sciences, packaging, etc. (Roth et al., 2007) . In the past several years, application of HVED plasma in food technology, especially for microbial inactivation, in controlling of undesired microorganisms depends on numerous factors, such as type of reactor con guration) and physicochemical parameters of treated media (pH, conductivity, temperature, generated radicals) (Liao et al., 2017; Misra et al., 2011; Stulić et al., 2019; increasing their shelf life (Fernandez et al., 2013; Gurol et al., 2012; Misra et al., 2014) .
ency and treatment duration) on inactivation of B. bruxellensis e ect of HVED plasma using optimal frequency and selected treatment durations, during 90
Materials and methods

Chemicals
Brettanomyces bruxellensis Netherlands) and commercial Brettanomyces agar from Laboratorios Conda (Madrid, Spain).
Wines
Vitis vinifera L.), vin-Brettanomyces bruxellensis yeast at approximately 6 log CFU/mL. Initial
High voltage electrical discharge (HVED) plasma treatments load capacitor of 1.13 nF to up to 30 kV and then discharging the stored charge into the plasma -Tektronix P6015A high voltage probe connected to a Hantek DS05202BM oscilloscope. Experifrom three di erent frequencies (60, 90 and 120 Hz), applying the treatment for 3, 5 and 10 glasnik zaštite bilja 63 godine of previously stated processing parameters. Temperature of the samples before and after the after the plasma exposure temperature raised for up to 1 °C after 3 min; up to 3 °C after 5 min; up to 6 °C after 10 min; up to 11 °C after 20 min and up to 15 °C after 30 min of HVED treatment. 
Determination of culturability of Brettanomyces bruxellensis yeast
Results and discussion
sisted in variation of applied treatment frequencies during shorter treatment durations. Frequthe optimum frequency for the reduction of B. bruxellensis can be observed that all applied treatment variations resulted in decrease of culturability, but treatment.
of microorganism, processing variables (voltage, frequency, discharge polarity, treatment du-(pH, conductivity, temperature, generated free radicals) (Liao et al., 2017; Misra et al., 2011;  frequency and input voltage results in greater inactivation (Dasan et al., 2016; Lu et al., 2014) , Finally, the third phase examined the long-term e ect of applied process parameters (frequency of 120 Hz during 3, 5, 10, 20 and 30 min of treatment duration) on culturability of B. bruxellensis. and sample treated for 3 min.
The results suggest that, after HVED plasma treatment, B. bruxellensis entered 'viable but media, even though they are still alive and maintain metabolic and cellular activity (Agnolucci B . bruxellensis is unimportant agent that induces VBNC state in B. bruxellensis (Agnolucci et al., 2010; Agnolucci et al., 2017; Du Toit et al., 2005; Serpaggi et al., 2012) . As additional con rmation of VBNC state, -B. bruxellensis completely recovered 
Conclusion
treatment duration resulted in higher reduction in culturability of treated yeast. Nevertheless, applied HVED plasma treatment did not result in complete inactivation of Brettanomyces bruxellensis during storage period culturability almost completely recovered, especially after 30 days of storage. It can be concluded that applied HVED treatment caused the cells to enter VBNC state, and this research represents the rst evidence of VBNC state of B. bruxellensis after application of HVED treatment. Finally, it is necessary to conduct further research to nd the most approinactivation of this spoilage yeast.
